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Abstract

Introduction: Studies of the prognostic value of anatomic subsite in colorectal cancer survival have yielded conflicting results. Two
explanations for possible differencesin survival patterns between proximal and distal lesionsin the colorectum are biological difference
between subsites and the presence of more early-stage lesionsin distal than in proximal large bowel. Materialsand Methods: A total of 435
cases with proximal lesions and an equal number with distal lesions diagnosed between 1990 and 1992 were randomly selected from the
Singapore Cancer Registry. Information on vital statusat 31 December 1996 were obtained by computerised matching with data from the
National Registry of Birthsand Deaths. Results: Personswith proximal cancersin our study population did not present at alater stagethan
persons with distal cancer, local lesions (Dukes Stage A + B) being 45.5% and 45.1%, respectively. Our analysis showed no significant
differencesin survival between subsites on a stage-for-stage basis. The 5-year survival rates were 42% and 44% for proximal and distal
lesions, respectively (median survival times3.98 and 4.27 years). Stage at diagnosiswasthe strongest predictor of survival. Among proximal
lesions, 5-year survival rates were 57%, 36% and 12% for local, regional and metastatic lesions, respectively. The corresponding figures
for thedistal group were 65%, 37% and 10%. Age at diagnosis had a significant influence on survival. Conclusions: Our results, based on
population-based figures on survival of colorectal cancer patients where the impact of screening has not been large, do not support an

independent influence of anatomic subsite in predicting survival of colorectal cancer.
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Introduction

Colorectal cancer incidence rates rank second in most
developed countries and have been rising rapidly in urban
societies of East Asial? Despite much effort to detect
early-stage disease and to explore more effective treatment
methods, the overall 5-year survival rate has remained
around40% based onthereportsfrom European popul ations
and the United States' Surveillance, Epidemiology, and
End Results (SEER) analysis from 1983 to 1988.2

Among the prognostic variables which have been
investigated extensively, only stage at diagnosis has been
consistently identified asanimportant predictor of survival .+
7 Anatomic subsite of colorectal cancer has been regarded
as a possible prognostic factor in determining survival in
severa studies,®® but the mechanism is uncertain. Two
possible reasons have been put forward. First, colorectal

cancer is not a unique entity because proximal and distal
cancersaredifferent possibly in genetic and environmental
epidemiology.>'?* Second, the observed difference in
prognosismay havebeenaresult of adifferenceinthestage
at diagnosis between subsites, in that distal lesionstend to
bediagnosed earlier by improved early detectioncapabilities
and the widespread introduction of screening methods
such as sigmoidoscopy in the West> where most of these
studies have been conducted to date.

Singaporeisanisland republicwith aresident popul ation
of 3.1 million, of which 77% are Chinese, 14% Malaysand
the remainder of Indian or other origin®® Along with rapid
economic development and industrialisation, Singapore,
just like some other Asian countries, has experienced a
rapid increase in colorectal cancer incidence over the past
few decades.? Colorectal cancer has been one of the most
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commonly diagnosed cancers in both males and females
since 1983 inthelocal population, withincidencedoubling
between 1968 and 1992.Y” Although screening by endoscopy
hasbeen availableto the general public since 1985, itisnot
widely applied to asymptomatic persons, nor has it been
incorporatedintoprofessional guidelinesor publiceducation
materials by the Ministry of Health. Given that the impact
of theseearly detection methodsislikely tobesignificantly
lower than in the West, a different pattern in colorectal
cancer survival by subsite from the findings in some
Western countries may be expected.

Data on colorectal cancer survival by subsite in Asian
populationsare currently sparse or have been derived from
hospital series. Theobjectiveof thisstudy wasto determine
colorectal cancer survival rates by anatomic subsite in
Singapore, and to evaluate the effect of anatomic subsite
value and other known predictors on survival using
population-based data.

Materials and M ethods

Classification of SQubsite

For the purposes of this study, the site of anatomical
origin constituted a key analytic variable. Proximal and
distal subsites were defined according to differences in
embryological origin, function and pathogenetic
mechanism.2!8 The point of anatomic division chosen—
between the transverse colon and the splenic flexure—has
been widely used in many epidemiol ogical studies. Hence,
thecaecum, ascending colon, hepaticflexureandtransverse
colon form the “proxima” subsite in this study, while
the rest of the large intestine including the splenic
flexure, descending colon, sigmoid colon and rectum, form
the“distal” subsite. Synchronous tumourswhich involved
both distal and proximal colon were excluded from the
anaysis.

Selection of Study Population

The Singapore Cancer Registry was set up in 1968 with
the aim of collecting basic information on all incident
cancers occurring in the population of Singapore. The
registration procedure has been well-documented
elsewhere® Between 1 January 1990 to 31 December
1992, there were in total 435 proximal and 2202 distal
colorectal cancer cases comprising residents of Chinese,
Malay and Indian origin. Asthe main purpose of thisstudy
was the comparison of survival between subsites, we
included all 435 proximal cases and randomly selected an
equal number of distal casesamong all distal casesnotified
in this period. Among the cases, 31 (4%) subjects were
found to beregistered by death certificatesonly (DCO), for
which survival time was unknown. These cases were
excluded from the analysis.

Personal and Clinical Variables

Basic demographic data (ethnicity, gender, age at
diagnosis, date of diagnosis, anatomic location) for all
study subjects were abstracted from the Singapore Cancer
Registry database. To obtain information on clinical stage
at diagnosis, permission was obtained from the relevant
hospitalstoretrieveandreview all patients’ medical reports.
Altogether, 828 cancer cases (98.7%) were uniformly
staged using surgical and pathological findings in the
medical reports.

Date and cause of death for all study subjects were
obtained by computer linkage with the National Birth and
Death Registry database up to 31 December 1996. For
surviving patients, the date of |ast appointment recordedin
the medical records was aso retrieved. Survival was
measured from diagnosisto 31 December 1996. To adjust
competitiverisksof death from causesother than colorectal
cancer, whichvary considerably amongdifferent agegroups,
cases who died from other causes were considered
“withdrawn alive” at time of death and were censored. As
deathregistration isalegal requirement and Singaporeisa
small and densely populated country, the information in
termsof vital statusand dateof deathisconsideredvirtually
complete.

Data Analysis

To explore the association between subsite and other
variables, percentagesand chi-sgquaretestsof independence
were computed. The actuarial life-table method was used
to obtain colorectal cancer-specific 5-year survival rates
for univariate analysis, and the log-rank test to compare
survival distribution by subgroups.®

Multivariate analysis using the Cox regression model
was also performed to evaluate the role of each factor after
adjustingfor theeffectsof theremaining prognosticfactors.??
The model relies on the assumption that the ratio of the
estimated hazard acrosstimeisaconstant. Inour study, all
covariates were coded using indicator variables. No
violations of the proportional hazard assumption for the
covariateswerefoundwhentested by log-minus-logsurvival
plot.?* The Cox regression analysis was performed using
the backward stepwise procedure, in which al variables
initially wereincluded in the model, then those having the
highest P value (>0.05) were removed stepwise from the
model, until only thosewithindependent effectsonsurvival
remained.

All analyseswereperformed using the SPSS8.0 statistical
package.
Results

A total of 839 subjects were included in the study, of
which 413 had proximal cancersand 426 distal cancers. Of
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the 839 cases, 19 cases (2.3%) were lost to follow-up after
aknown date; 451 cases (53.8%) had died from col orectal
cancer and 23 cases(2.7%) had died from causes other than
colorectal cancer, while 346 (41.2%) caseswere still alive
on 31 December 1996.

Characteristics of Sudy Population by Subsite

The distribution of characteristics of colorectal cancer
casesstratified by subsite, issummarisedin Tablel. Inboth
proximal and distal groups, there were more than 90%
cases from Chinese and less than 5% from Indians.
Compared with proximal lesions, distal lesions had a
significantly higher proportion of Malays (6.8% for distal
vs 5.1% for proximal lesions) and lower proportion of
Indians (1.4% for distal and 4.4% for proximal lesions).
Distribution by ethnicity differed significantly between
subsites (P = 0.024).

There was no difference in gender distribution between
proximal and distal cases (P = 0.44). Among proximal
cancers, theproportionsof very young (<40years) and very
old (=70 years) cases were higher than among those with
distal cancers (6.5% and 40.0% vs 3.1% and 32.6%,
respectively) (P = 0.002).

With regard to the extent of disease using TMN
classification, the subjects were distributed as follows:
localised cases (Stage | + Stage 11) about 45% to 46%,
regional spread (Stagel11) 32% to 34%, distant metastasis
(Stage IV) about 20% and information not available 1.2%
to 1.5% in both subsites. Surprisingly, we did not observe
more early-stage lesions among cases with distal cancers.

TABLEI: CHARACTERISTICS OF STUDY POPULATION BY
ANATOMICSUBSITE

Proximal Distal

No. of Percentage No.of Percentage P

subject (%) subject (%) value*

Gender

Mae 211 51.1 230 54.0

Female 202 48.9 196 46.0 0.440
Age at diagnosis

<40 27 6.5 13 31

40-69 221 53.5 274 64.3

>70 165 40.0 139 326 0.002
Ethnicity

Chinese 374 90.6 391 91.8

Malay 21 5.1 29 6.8

Indian 18 4.4 6 14 0.024
Extent of disease

Local (StageA +B) 186 45.1 194 455

Regional (StageC) 134 324 143 33.6

Metastatic (Stage D) 87 21.1 84 19.7

Not staged 6 15 5 12 0939

*x2-test of overall association
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Determinants of Survival

The overall colorectal cancer-specific 5-year survival
rates were 42% for proximal cancers and 44% for distal
cancers. The corresponding median survival times were
3.98 years and 4.27 years, respectively.

The colorecta cancer-specific survival curves for both
proximal and distal cases using the life-table method are
showninFigurel. Patientswith proximal lesionsappeared
to have asignificantly higher risk of death in the first two
years from diagnosis. Subsequently, the proximal curve
approximated the distal curve. In spite of this, the overall
comparison in survival between these two groups by log-
rank test was not statistically different (P = 0.43).

When subsiteswere compared on astage-for-stage basis
(Fig. 2), survival curves for cases with proximal lesions
tended to drop morerapidly than thosefor caseswith distal
lesions, especially forlocal disease. However, theobserved
difference was not statistically significant at al stages by
thelog-rank test with P valuesbeing 0.07, 0.56 and 0.22 for
local, regional and distal diseases, respectively. In this
analysis, non-staged cases were excluded due to the small
number in this group.

Theeffectsof other variableson survival aresummarised
inTablesllaand!Ib. Prognosisinboth groupswasstrongly
relatedwithageat diagnosis. Mediansurvival timedecreased
monotonically fromyoung (age<40) tovery old group (age
>70): 6+, 4.57 and 2.11 yearsfor proximal cases, 3.5, 4.72
and 2.50yearsfor distal cases. Theelderly appearedtohave
the worst survival for both subsites.

Gender and ethnicity were not significantly related to
prognosis, but it should be noted in this regard that there
were small numbers of cases among Malays and Indians.

As expected, survival was strongly related to clinical

Survival probability

0.3 T T T T T T T

Year

Fig. 1. Colorectal cancer specific survival curvesof proximal cancer patients (n= 413)
and distal cancer patients (n = 426) by life-table method
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Fig. 2. Colorectal cancer specific survival curves for proximal and distal cases on a
stage-for-stage basis by life-table method (P values by log rank test are 0.07, 0.56 and
0.22 for local, regional, and metastatic disease, respectively)

stage at diagnosis. Persons with metastatic disease at
diagnosis had the worst survival while localised tumours
led to the best prognosis (P <0.01). The 5-year survival
ratesreduced progressively fromlocal tometastaticdisease,
being around 60%, 35% and 10% for local, regional and
metastatic diseases, respectively. The findings were
consistent for both subsites.

Multivariate Analysis of Survival

All variables previously considered were included in a
proportional hazards regression model. In Table 11, the
risks of dying for al the variables (subsite, gender, age at
diagnosis, ethnicity and stage at diagnosis) considered in
the model are shown as crude and adjusted relative risks
after allowing for the effect of other variables. Stage at

Regional
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TABLEIlla COLORECTAL CANCER SPECIFIC 5-YEAR SURVIVAL
RATE (%) AND MEDIAN SURVIVAL TIME AMONG
CASESWITH PROXIMAL LESIONS(n=413) BY GENDER,
BROAD-AGE GROUP, ETHNICITY AND AGE AT
DIAGNOSIS

No. of Median surviva 5-year

cases time (y) survival (%) P vaue

Gender

Male 211 3.73 41

Female 202 4.24 38 0.96
Age at diagnosis

<40 27 6+ 74

40-69 221 4.57 45

=70 165 211 28 <0.001
Ethnicity

Chinese 374 3.83 41

Malay 21 434 45

Indian 18 6+ 60 0.41
Extent of disease

Local (Stage A + B) 186 6+ 57

Regional (Stage C) 134 3.14 36

Metastatic (Stage D) 87 0.74 12 <0.001

diagnosisand age at diagnosis maintai ned their significant
effectsinpredicting survival after controllingfor theeffects
of other variables. In comparison to the reference category
(localised disease), regional caseshad morethantwotimes
higher risk of dying, while the risk increased more than
eight-fold for metastatic cancers.

The effect of age at diagnosis was not significantly
modified by adjustingfor theother variables. Incomparison
to those in the 40-69 years age group, the adjusted relative
riskintheelderly is1.45timeshigher (95% Cl: 1.20-1.76),
but no significant differencein survival between theyoung
(<40) and thosein the 40-69 years age group was detected.
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TABLEIIb: COLORECTAL CANCER SPECIFIC 5-YEAR SURVIVAL
RATE (%) AND MEDIAN SURVIVAL TIME AMONG
CASES WITH DISTAL LESIONS (n = 426) BY GENDER,
BROAD-AGE GROUP, ETHNICITY AND AGE AT
DIAGNOSIS

No. of Median survival 5-year

cases time (y) survival (%) P vaue

Gender

Male 230 3.76 38

Female 196 4.34 45 0.26
Age at diagnosis

<40 13 3.50 38

40-69 274 4,72 a7

>70 139 2.50 32 <0.05
Ethnicity

Chinese 391 4.53 45

Malay 29 2.15 26

Indian 6 5+ 67 0.09
Extent of disease

Local (StageA +B) 194 6+ 65

Regiona (Stage C) 143 3.58 37

Metastatic (Stage D) 84 0.79 10 <0.001

Subsite and gender still showed no significant effects
after adjusting for other covariates. Compared to the
univariate analysis on survival by subsite, the subsite
differences became much smaller after statistically
controlling for the effects of other covariates, the hazard
ratio for distal casesbeing 0.97 (95% Cl: 0.81-1.17), when
proximal cases were considered as the reference group

The similarity in survival pattern in both subsites
after adjustment for other covariates can be observed in
Figure 3. It showstheoretical survival curvesof colorectal
cancer patients by subsite simultaneous adjustment for all
other variables, computed by the Cox model. Compared to
the curvesin the unadjusted model (Fig.1), the two curves
become closer and almost overlap.

Discussion

In summary, our results show no significant differences
in survival rate between proximal and distal colorectal
cancersafter controlling for other prognostic factors; the 5-
year surviva rate is approximately 40% for both subsites.
Clinical stage at diagnosis is the strongest predictor of
survival. For both subsites, the estimated 5-year survival
rates are about 60%, 35% and 10% for local, regional and
metastatic lesions, respectively.

Thepresent study hastheadvantage of using all proximal
cases and arandom sample of distal cases taken from the
population-based data in the same period, thus avoiding
any possible selection bias that may occur in a hospital-
based series. Onthe other hand, studying asample of cases
allowed us to be able to check and supplement important
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TABLEIIl: RELATIVE RISK (RR) OF MORTALITY (95% CI)
ESTIMATED FROM MULTIVARIATEANALYSIS

No. of Crude Adjusted*

. cases
Variable RR 95% Cl RR 95% ClI
Subsite

Proximal 413 1.00 - 1.00 -

Distal 426 0.93 (0.77, 1.12) 0.97 (0.81, 1.17)
Gender

Male 441 1.00 - 1.00 -

Femae 398 0.93 (0.77, 1.12) 1.00 (0.83, 1.20)
Age at diagnosis

40-69 495 1.00 - 1.00 -

<40 40 0.71  (0.42, 1.20) 0.61 (0.36, 1.02)

>70 304 150 (1.24,181) 145 (1.20, 1.76)
Ethnicity

Chinese 765 1.00 - 1.00 -

Malay 50 164 (0.85, 3.17) 1.43 (0.99, 2.07)

Indian 24 210 (.00, 4.42) 0.87 (0.44, 1.69)
Extent of disease

Loca 380 1.00 - 1.00 -

Regional 277 224 (177, 2.83) 227 (179, 2.87)

Metastatic 171 824 (6.43,1055) 831 (6.47, 10.67)

* Estimated by adjusting each variable for the other
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Fig. 3. Theoretical survival curvesfor caseswith proximal lesionsand caseswith distal
lesions after controlling for other covariates (age at diagnosis, gender, ethnicity and
stage at diagnosis) by the Cox regression model.

information, such as stage at diagnosis, by retrieving and
consultingall relevant medical records, whichwerenormally
not recorded in population-based registry data file. This
was an important factor in the validity of the information
used in this study.

Secondly, thetwo primary sourcesof data—the Singapore
Cancer Registry and the Registry of Births and Deaths—
arerecognised to be complete, by virtue of the small size of
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thecountry, easeof medical accessand goodrecordlinkage.

The potential limitations should also be considered. We
excluded cases with “subsite unspecified”, and these may
have a poorer continuity of care and other quality-related
measuresthanthose caseswith subsitespecified.?® Survival
analysi swithout taking account of thissubgroup of patients
could result in an over-estimation of colorectal cancer
surviva rate. In the Singapore Cancer Registry, however,
only 6.6% of patients among all incident cases had an
unspecified colorectal cancer tumour location, and we
believedthat thesmall fraction could not produceimportant
effects on overall survival of colorectal cancer.

Colorectal cancer survival ratesin our study are similar
tothosereported in Western countries.? Other population-
based studies havereported overall 5-year survival rates of
between 37% and 54%.% Our findings are also consistent
with a previous local hospital-based case-series which
reported a5-year survival rate of 71%, 55%, 36% and 16%
for the respective clinical stages.®

Wefound, not unexpectedly, that the strongest predictor
of survival isclinical stage at diagnosis. The role of stage
at diagnosis as the single most important determinant of
survival has been previously reported.*” Typically, the 5-
year survival rates reported for Stage | and Il in these
studies were more than 70% and for Stage |11 around 30%
and Stage |V around 10%.%” These are dightly higher than
those in our population.

Our resultsindicatealack of effect of subsiteonsurvival.
Thismay berelated to the stage distribution of casesinthis
population. Several studies have pointed out that distal
cancerspresent withmoreearly-stagediseasethan proximal
cancers.5>% Thisislargely attributed to the fact that early
diagnostic capabilities play amoreimportant rolein distal
rather than proximal cancers due to easier access, for
example, by sigmoidoscopy. Thus, the different survival
patterns between proximal and distal large bowel cancer in
these studies may be mainly due to the lead-time bias for
distal lesions, whose diagnoses were made approximately
6 months earlier than cases with proximal cancer based on
population-based reports from Italy.® In the current study,
there is no significant difference in stage distribution
between the two subsite groups, the percentage being
around 45%, 33%and 20%forlocal, regional and metastatic
lesions, respectively. This may be partly explained by the
fact that routine endoscopy and endoscopic polypectomies
in larger bowel began much later in Singapore compared
with Western countries.

In our study, 6.5% of the proximal cases occurred in
those below the age of 40 years old compared to 3.1% in
distal cases. Thismay reflect to someextent thepredilection
of familial cancers (such as hereditary nonpolyposis
colorecta cancers), which usually occur at an earlier age,

for the proximal colon.?2° Unfortunately, we did not have
information on family history to examine this possibility.

The effect of age on the prognosis of patients with
colorectal cancerissomewhat controversial. Variousstudies
have suggested that colorectal cancer in patients below the
age of 40 years is an especially poor prognostic sign,5%
because these patients present with more advanced disease
and with a poorer histology grade of differentiation.
However, this is not corroborated by other studies
which demonstrated that the outcome in younger patients
was similar to that in older patients and that there was no
difference in stage distribution between younger patients
and older patients. In our study, those who were 70 years
and above at diagnosis experienced apoorer survival, with
arelativerisk of mortality 1.45 timesthat of those between
theagesof 40to69years, after adjustingfor other variables,
including stage at diagnosis. The differences among the
age groups could not be explained in terms of higher
mortality from other causes in younger age group, as the
colorectal cancer-specific survival rates obtained in this
study have been adjusted for the difference in mortality
fromall causes. A similar observation hasbeen reportedin
the UK.® On the other hand, sepsis and complications of
surgery have been reported to be more frequent in the
elderly®* and may result in a higher rate of postoperative
mortality in this age group.

Thepresent study thusprovides, for thefirst time, figures
on survival of colorectal cancer by subsite in an Asian
population. Theindependent prognosticvariablesidentified
through the present analysis may offer some useful
information on prognostic advice and in evaluating the
treatment results. A larger population-based study, which
will examinetheseissuesin moredetail, isalso underway.
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